Abstract. This paper presents case study material relating to the application of a process of Human-Centred Design that draws upon Design Thinking for the development of medical products for rural Zambia. The underpinning method was developed in response to calls for the development of culturally and contextually appropriate medical product solutions as opposed to the current solution; directly imported products and methods from industrialised nations. The authors note the benefits and limitations of the approach taken, reflect on the resulting insights and provide recommendations for future studies.
Introduction
This paper responds to the questions surrounding the suitability of applying design methodologies developed in the industrial context, to the context of low-income, developing regions, through applying a process which combines HCD [1] and Design Thinking [2] methodologies, to the design of medical products for rural Zambia. Specifically the design of a solution to treat victims of road traffic accidents (RTAs), a major issue in Zambia identified by the contextual review. The aim of this study was to gain insights into the most appropriate method of ensuring contextual appropriateness and adherence to the WHO's 4 As.
HCD and Design Thinking were chosen for this study due to their resonance with observations made by e.g. Papanek [3] , Bonsiepe [4] and Donaldson [5] . All of them argued in favour of applying user-centric approaches to the design of products and solutions aimed at meeting the needs of the world's poor and disagree with methods relying on Western designers' 'stop-over visits'. All three argue in various ways that such an approach fails to account for 'sense of culture, language, norms and deep understanding of the problems people face' [5] . Donaldson and Bonsiepe also refer to these approaches variously as 'remote' or 'parachute' design. Donaldson also claims that 'remote design' (an approach where designers are 'remotely located' in the geographic sense to the target users) limits the ability to be truly user-centric due to the lack of 'comprehensive customer involvement and ready access to the environment.' Whichever term is used, all describe a tendency for people from industrialised nations to produce solutions for developing regions with little understanding of the context or culture of the item's intended environment. In this sense they design 'for' the developing world, as opposed to designing 'in' the developing world. All three argue that this failure to design in the developing world limits understanding and appropriateness.
Background
As aid agencies and governments unite to tackle the challenges of healthcare provisions in developing countries, the appropriateness of directly importing medical solutions from industrialised nations has come under scrutiny. This has resulted in calls for the development of culturally and contextually appropriate solutions, prompting the rise of a number of design development methods, including Participatory Design [6] , Design Thinking [2] and Human-Centred Design (HCD) [1] . However, there has been criticism of the lack of scholarly evidence to support the suitability of such methodologies, and questions have been raised as to the appropriateness of applying design methodologies developed in and for industrialised countries to the developing world.
The challenge of designing in, for and with developing countries has been a long debated subject. The design community's attempts to meet the needs of the world's poor, has seen the emergence of methods including the Appropriate Technology Movement, the Design for Development movement, Design for the Other 90%, Jugaad Innovation, Disruptive Innovation methods, Gentle Action and Design for the Bottom of the Pyramid (BoP) to name but a few. Although these movements vary in their approach, their authors all agree that to meet the needs of the world's poor, products and solutions must be developed to be contextually appropriate. To achieve this, they argue in favour of ensuring that solutions meet the 'Critical 4' A's outlined by the World Health Organisation (WHO). The 'Critical 4 A's' are: Accessibility, Availability, Affordability and Appropriateness [7] .
Despite recognising the ability of existing methodologies' to assist in the development of contextually appropriate technologies for the BoP, Diehl and Christiaans [8] identify weaknesses in their emergence from industrial markets and a need for greater understanding of their ability to be adapted to the developing country context. When considering what innovation means to the BoP Castillo et al. [9] identified a need for solutions for the BoP 'to go way beyond the market-pull strategies' used in industrial nations, and argued that to achieve this, people must apply evolutionary innovation strategies.
Project Design
The project design for this study follows Design Thinking's 'overlapping, non-linear spaces of innovation: inspiration, ideation, and implementation' [2] , and the iterative HCD process 'hear, create and deliver'. It also sits within the framework of Design Thinking's three competing constraints; desirability, viability and feasibility (see Fig 1) . Due to identified similarities between Design Thinking and HCD, in this study these approaches are combined [a method also used by IDEO by IDEO [1] . The study was undertaken by an interdisciplinary team with medical, technical, design and commercial backgrounds. For the purpose of this paper, the study has been broken down into three key stages: 1. Contextual study, 2. Ideation, Creation and User testing, 3. Reflections. The stages of ideation, creation, user testing and reflection were iterated until an appropriate solution was generated in accordance with the process of Design Thinking as outlined by Brown and Wyatt [10] . Stage 1. Contextual study: a ten-day field study in Lusaka Province Zambia. The aim of the contextual study was to gain insights into the users' beliefs, desires, work habits, cultural concerns, needs, aesthetic preferences and the contextual elements impacting on use, availability, accessibility and affordability of the solutions.
The method of 'hearing' employed for this study involved a process of rapidethnography [11] . Ethnographic research methods used included semi-structured interviews, dialogues with key people and local experts, group interviews, direct observations and story gathering [12] . Data was recorded using audio and video recorders, a camera and a note pad.
The findings from the study were synthesised in accordance with Design Thinking's three lenses: viability, feasibility and desirability. The findings were then used to compose a product brief.
Stage 2. Ideation: the findings from the contextual study were used to facilitate ideation. This was conducted in the UK by the interdisciplinary team. Creation: using Design Thinking's iterative approach, ideas were turned into concrete solutions in the form of low and high fidelity prototypes. Testing: to assess the solutions' suitability, function and usability, a series of user tests were conducted and feedback gathered from a range of typical expert and end users in the UK and Zambia.
Stage 3. Reflections: on completion of each round of user testing, the findings were analysed by the interdisciplinary team. This facilitated an iterative process of ideation, prototyping and user testing.
Participant Recruitment
In response to HCD and Design Thinking's need for the incorporation of users throughout the design process, typical Zambian end and expert users [13] were identified during the contextual review and included rural dwellers, police officers, fire fighters, drivers and hospital staff.
Findings

Contextual Study
An extensive contextual review identified a number of recurring themes surrounding the provision of healthcare services in Zambia. These included low levels of human resource, a lack of access to consumables and equipment, and major differences in access to services and amenities in regions only a short distance apart. This difference was particularly apparent between urban and rural locations and included access to a regular energy supply, availability of running water, education access (impacting e.g. literacy) and users' understanding of technology.
The study also identified challenges surrounding well-meant but inappropriate equipment donations, which e.g. required unattainable drug supplies or incorrect power requirements. Machines were thus respectively unusable from the start or quickly disabled by power surges. Other common issues included missing training manuals or guides, missing components and a lack of training, including training in maintenance and repairs [14] . Through the Design Thinking approach of identifying desirability, viability and feasibility, the study identified desire for low-cost, highly accessible solutions with high usability levels that reduce training needs and remove the reliance on existing supply chains or irregular supplies of donations. This approach also identified a need for a solution to the high fatality rates that result from RTAs. In 2010 Zambia recorded 1,348 reported road traffic deaths. RTAs are now Zambia's third biggest killer after Malaria and HIV/AIDS [15] . Many of these aspects were also identified as necessary to ensure the feasibility and viability of the solutions in conformance with Zambia's existing healthcare models and funding availability. Using these findings the interdisciplinary team composed a brief that responded to the constraints and which would drive the design process. The Brief:
'The development of a First Responder pack composed of sustainable, locally sourced materials, which can be used by people with limited knowledge, understanding and education, to stabilise victims of road traffic accidents (RTAs)'.
Ideation, Creation & User Testing
A series of low-fidelity prototypes were developed during stages two and three of the study, in accordance with Design Thinking's process of ideation and HCD's process of create. These were tested with typical users in the UK and Zambia. This was done in order to detect gross design errors and provide confidence in the medical efficacy of the design before embarking on the more logistically complex and expensive user testing trials in Zambia.
Once the UK trials were completed and necessary design changes made, the prototypes were presented to the intended end and expert users during three rounds of user testing in Zambia. At this point a number of challenges were identified, as users presented dissatisfaction with the design solutions they tested. Their dissatisfaction emanated from a number of key factors, including a lack of comprehension of the design process and a failure to understand that the prototypes they were experiencing were developmental and thus lacked 'polish'. This combined with a pre-existing expectation amongst users as to what they thought solutions developed by western designers would look like.
When attempting to gather feedback from Zambian participants, minimal interest was displayed in the prototypes' functional capabilities, and the participants instead focused on aesthetic qualities which had a strongly negative effect on the usefulness of the trial.
For example: when testing a functionally sound ultra-low cost cardboard, box leg splint, designed for manufacture in Zambia, the nurse who worked in the village health post laughed in response to a request for his engagement in user testing. When asked what he found amusing, he dismissed the prototype, stating: 'But this is just a cardboard box!' As a result, the team found it difficult to convince him to participate in the study. Despite the participant's reluctance and displeasure at taking part in the testing, he applied the solutions perfectly and when asked if he was happy with the support it provided he responded 'yes, but it's just cardboard'. Attempts to explain that the end solutions would be of higher aesthetic quality failed to convince or reassure him and he just shrugged his shoulders in response. This type of response was typical of the team's experience with these initial field trials.
Having detected the problem, the team spent some time discussing these difficulties with a selection of Zambians, they explained their response: 'UK products do not look like this, they are attractive and high-tech, this is what people like [sic]'. Interestingly and conversely, the response in the UK to the low-tech look of the pack was correspondingly positive. These findings highlighted a conflict between what the users defined as their desires during the Hearing stage of the HCD process and their actual desires. During the hearing stage, Zambians stated that their greatest desire was increased accessibility to medical solutions. However, on presentation of highly functional and accessible solutions, the Zambian participants expressed dissatisfaction, despite the fact that the solutions solved the key issues that they had identified (high levels of accessibility, affordability and appropriateness).
Fig. 3. User testing 2013 & 2014.
User testing in the context of Zambia had therefore uncovered hidden influences, unidentified during the contextual review, including the influences of Western culture on people's desires and expectations. The team concluded that these were a result of Western influence through the media, tourism, aid and colonialism, leading Zambians to expect and desire solutions developed by and available in industrialised nations and which reflect high levels of aesthetics, regardless of suitability to the environment. Put simply, the Zambians in the field trial had suspicions that a product that would not be considered fit for purpose in the West was being suggested for their use. Given that suspicion, they quite reasonably felt that was not right, and while the team knew this was not the case (one of the project's key goals was to develop solutions for deployment in the West having used the extreme constraints of the African cost and manufacturing environment to provoke creative approaches) they were nevertheless unable to convince many participants of the pack's value.
The participants in the Zambian study showed a strong desire to access similar services and products to those of people living in the West. People openly discussed their desire for products they had seen online, on the TV or being used by members of the team. American culture had a clear influence; for example the young men in one of the villages visited, commonly mimicked American rappers such as Jay-Z, 50 Cent and Dr Dre.
This influence of Western technology was identified as posing a risk to creativity in considering the possibilities of solutions developed for and within Zambia. For example, when discussing the possibility of products designed specifically for the Zambian context during focus two groups with 20 clinical anaesthetist students, the students demonstrated a marked tendency to focus on a Western-centric notion of design values. This is pervasive, partly because in some cases Western goods have undercut locally made solutions on price, as demonstrated in the vast quantities of second-hand Western clothes around Zambia in market and street-side stalls. These have diminished the Zambian textile industry because Zambians would rather buy second hand 'fashionable' Western clothing for a lower cost than locally made garments new [15] . As a result of this influence, the study failed to gather insights on ideas Zambian peo-ple had for methods of improving the community, insights which Sirolli [17] argues is essential to progression.
The team also encountered difficulties gaining commitment and interest in the project. This was as a result of the previous experiences participants had of Western aid: Charities and organisations having previously visited, donated funds and equipment and then left, leaving villagers with minimal long-term benefits. The school was a prime example of this. Previous investments have included a now unused Playpump [18] , a half-built school building, an almost derelict school building and a drop toilet. As a result, the team encountered a lack of willingness amongst people to invest themselves in something new, preferring simply to ask for donations.
Reflections
On completion of each round of user testing, the findings were analysed by the interdisciplinary team, facilitating an iterative process of ideation, prototyping and user testing. These reflections proved highly valuable in providing insights into how the solutions needed to evolve to achieve a level of acceptability in the Zambian context. Whilst the contextual review provided insights into the need for increased levels of functionality and suitability, it was not until the presentation of three-dimensional prototypes that true understandings of participant's views were gained. When gathering feedback on the prototypes, the user's honesty and focus on aesthetic qualities highlighted pre-existing expectations and tendencies to compare the developed solutions with those previously donated from industrialised nations. The result had been the development of solutions that lacked acceptability in the local context, thereby ensuring that the approach lacked a characteristic identified by the WHO [4] as essential to ensure suitability. The team found that although the solutions met all of the requirements outlined in the contextual review, users presented disappointment and disinterest in the developed solutions.
In response to these reflections, efforts were made to develop the solutions to present increased aesthetic qualities while retaining the same levels of usability, manufacturability in context and cost. To assist in this process low-fidelity prototypes were replaced with high-fidelity prototypes.
Discussion
While there were benefits in applying Design Thinking's three competing constraints to product development in Zambia, this study's results suggest the addition of a fourth constraint -the constraint of expectations. Findings from the study recognise that people's expectations were highly influential in the success or failure of the solutions being developed. It has been recognised that 'desires' in developing countries such as Zambia go beyond people's wants and needs to elements that people may not be willing to share directly, such as an aspiration for Western lifestyles. In response, despite Castillo's argument against 'market pull strategies' the authors suggest that the inclusion of expectations as a fourth constraint will provide a greater definition of what people want and expect from new products under development. This constraint goes beyond the cultural setting and considers external factors that may be influencing a person's expectations; for example, influences of Western industrialisation and consumerism. This study's findings expand on those presented by Castillo et al. [6] , in arguing that there are limitations in an approach to design for the Bottom of the Pyramid [a socio-economic group composed of the world's poorest 4 billion people who live on less than $2 a day [19] ] that fails to account for sustainability [accounting for environmental, social and economic factors to ensure a continued a prosperous product life cycle]. Castillo et al. identified the need for a fourth 'cluster' (constraint) of sustainability, which bridges the gap between desirability, feasibility and viability. They argue that this element must be considered from the start of the project and can be achieved through the use of existing Design for Sustainability processes, such as those presented by Crul, and Diehl [20] . They argue that this approach would ensure that the life cycle of the developed solution is accounted for in the social and environmental context. This study's findings point to the need to expand upon Castillo et al.'s proposal, removing sustainability from its placement as a bridging factor and placing it as an integral component that forms a building block upon which factors such as desirability, viability, feasibility and expectations are understood (see fig. 4 ). It has been identified that the placement of sustainability as an integral factor, ensures solutions meet the needs of the world's poor, removing reliance on external sources and ensuring solutions can be made within the local context, thus enabling the attainment of accessibility and availability. This approach also ensures that solutions are suitable for the current economic and social structure in the country -guaranteeing appropriateness and affordability. This study's identification of the need for greater understanding of users' desires and expectations and the elements impacting on sustainability, in pursuit of the WHO's four A's (accessibility, availability, affordability and appropriateness), aligns with the argument presented by Donaldson [9] , Bonsiepe [8] and Papanek's [7] . The study highlights the importance of Papanek, Fathers and Donaldson's calls to ensure that designers immerse themselves in the culture they wish to impact on and with the support of the four competing constraints built on a foundation of sustainability, identify an appropriate brief and a foundation of knowledge for the solutions to evolve from.
Study Limitations
Time restrictions were placed on the study in Zambia as a result of the study taking place alongside a charity expedition. Travel within Zambia was also limited as a result of poor road safety. In addition, language barriers placed limitations on the study (even though translators provided assistant) as only 1.7% of the Zambian population use English as their language of communication [21] .
Conclusions
This study found a number of benefits that can be gained through the application of a Design Thinking methodology that draws upon HCD, but also identifies a number of limitations and difficulties with this approach. On reflection, the study highlighted the importance of conducting both a contextual review and in-context user testing with the combination being vital. This study recognises and agrees with the limitations of stop-over visits and failure to gain a deep understanding of the problems people face, their cultures and language as identified by Donaldson [9] , Bonsiepe [8] and Papanek [7] . The authors found that although the three competing constraints highlighted as necessary by Design Thinking provided a good understanding of the main factors impacting on product use in the Zambian context, they fail to account for the impact of users' expectations of the acceptability of the developed solutions. This inhibited the solutions from meeting the WHO's four critical A's. In response to these findings the authors recommend that the three competing constraints be expanded to four with the inclusion of expectations to ensure a full understanding of user wants, which may alter levels of acceptance and desire, resulting in a hindered adoption of the solution. In addition to expanding Design Thinking's competing constraints, this study also found common ground with Castillo et al.'s argument that the life cycle of a solution aimed at the BoP must account for the intended social and environmental context. However, the study identified a need for sustainability to be included not as an additional competing constraint alongside desirability, expectations, feasibility and viability but as a factor that forms the foundation of understanding each constraint.
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